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液为溶剂，十六醇为表面活性剂，合成了结构为多角锥状的 ZnO 包覆 Au-Ni 核
的 Au-Ni-ZnO 复合纳米晶。结果表明：通过 Au 种诱导高活性 Ni 纳米晶的生成，




























Metal-semiconductor hybrid nanocrystals which have physical and chemical 
properties that are not available in the single-component counterpart have extensive 
application prospects in the fields of optics, magnetic materials, catalysis and 
biomedicine. ZnO nanomaterial is a widely used multifunctional inorganic material, 
Au nanocrystals have particular catalytic and photoelectric properties, and Ni 
nanocrystals have shown magnetic property and high catalytic activities. The 
combination of Au, Ni and ZnO in nanoscale to form Au-Ni-ZnO hybrid nanocrystals 
not only can make full use of the superior properties of Au and Ni nanocrystals, but 
also improve the photocatalytic performance of pure ZnO nanocrystals. 
In this thesis, we have synthesized Au-Ni-ZnO hybrid nanocrystals with 
controllable morphology, size and magnetic properties by using a facile chemical 
liquid-phase method, investigated the effects of various synthetic parameters on the 
morphology and structure of nanocrystals, and characterized their optical properties, 
magnetic properties and photocatalytic performance on the degradation of RhB 
organic dye. The major research results obtained are as follows: 
 (1) By using chloroauric acid, nickel acetylacetonate and zinc stearate as 
precursors, mixed solvents of oleylamine and dibenzylether, and 1-hexadecanol as 
surfactants, we have  prepared Au-Ni-ZnO hybrid nanocrystals in which Au-Ni cores 
are covered by pyramid-like ZnO nanocrystals. The results show that it is possible to 
obtain Au-Ni-ZnO hybrid nanocrystals with novel structures by using a seed-induced 
method in which Ni nanocrystals with high activities are formed from the induction of 
Au seeds. By adjusting the relative ratio of chloroauric acid and nickel acetylacetonate, 
Au-Ni-ZnO hybrid nanocrystals with different sizes of Au-Ni core can be obtained. 
(2) UV-vis absorption spectra showed that, red shift of the absorption peak 
occurred in the UV region, and the intensity of absorption in visible light range 















the UV emission and the deep-level emission peak weakened remarkably over pure 
ZnO. The magnetic researches showed that, the saturation magnetization and blocking 
temperature increased with the content of Ni increased. It is possible to obtain tunable 
magnetic properties by controlling the size of Ni cores. Finally, compared with ZnO 
nanocrystals, Au-Ni-ZnO hybrid nanocrystals have much better photocatalytic 
properties on the degradation of RhB organic dye. The investigation on the recycling 
performance has proved that the Au-Ni-ZnO hybrid nanocrystals can serve as 
excellent photocatalysts with good stability and high catalytic efficiency. 
 















第一章 绪 论 
 1 











同时，相比于其他宽带隙材料，纳米 ZnO 又是一种新型的 II-VI 族的宽禁带化合
物半导体和性能优异的压电材料，其具有禁带宽度大（室温，3.37 eV），且激子








1.2 ZnO 纳米材料的特性及应用 








































的激光发射。例如，Huang 等[24]就使用 ZnO 纳米线组装创造了世界上最小的纳




















的 ZnO 最备受关注的性能是它的发光荧光性能，ZnO 纳米颗粒是优质的半导体
氧化物材料，在室温紫外光致发光方面具有非常重要的价值。室温下，用 325 nm













感器等领域应用的基础。Heo 等[31]对 ZnO 的导电性能在氢气气氛下退火的变化
情况进行了研究，发现退火前的 ZnO 纳米棒具有高阻，其电流小于 10-10 A，而
退火后 ZnO 纳米棒的导电性则明显增强，电流提升到了 3×10-8 A（在 0.5 V 电压
下）。Liu 等[32]通过高分辨透射电镜内原位操纵单根 ZnO 纳米线来测量力和电输
运性能之间的关系，研究结果表明 ZnO 纳米线的电性能与其结构有直接的关系，
表现为其电导会随 ZnO 纳米线的弯曲而随之降低。此外，纳米 ZnO 具有很好的
压电特性，即纳米 ZnO 电介质在外加应力的作用下会发生极化且在两端表面间
出现较大的电位差。这表明纳米 ZnO 是一种良好的压电材料，表现为压电性较
强，而其稳定的化学性质扩大了纳米 ZnO 的应用。ZnO 纳米材料具有的高机电
耦合系数和低介电常数的性质，因此能广泛应用于高速光开关、超声换能器、频






































再通过歧化反应生成 H2O2，接着 H2O2 能与电子继续作用生成•OH；最后，经过
一系列反应，将有机污染物降解成为 H2O、CO2 及矿化物等[30]。总之，ZnO 纳米
材料光催化降解有机物水溶液的过程可具体表述为以下化学反应式[43]。 
ZnO + h→ hvb+ + ecb-                    (1-1) 
hvb+ + H2O → ·OH + H+                   (1-2) 
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